Introduction
It is known that the way the engine working process realization has a dominant influence on the engine efficiency and emission. The main characteristics of the working process of internal combustion (IC) engines are listed in tab. 1. Classical concepts of Otto and Diesel engines are conditioned by the properties of the used fuel and they have generic advantages and disadvantages. Modern technologies of engine equipment have allowed synthesis of the good features of traditional working processes.
Thus, spark ignition of very lean inhomogeneous mixture, reduction of pump losses at low loads and increase of the compression ratio is enabled in gasoline direct injection (GDI) engine with stratified charge, thanks to the internal formation of mixture. In this way, engine efficiency at low and moderate loads is much-improved [1] . At medium and high-loads, working process is conducted according Otto process. However, Diesel attributes of the working process have brought their shortcomings: the sensitivity of the process of forming the mixture to flow in the combustion chamber (misfiring) and particulate emission [2, 3] .
Homogenous charge compression (HCCI) ignition working process may be achieved both in the Otto and Diesel engine concept. Very lean homogeneous mixture is ignited by compression on overall volume of combustion chamber and simultaneously combusts with controlled speed. High efficiency, ultra-low NO x emissions and negligible particulate emissions are well known advantages [1] . Despite numerous opportunities for the control of the working process, it is very difficult and complicated to maintain its stability in the overall working area [4, 5] .
In this paper, the multi-process motor principle is realized by selecting either otto or Diesel process depending on the speed and load of the engine. Therefore, were used two fuel substantially different characteristics (gasoline or LPG or CNG or bioethanol for otto process and diesel fuel or biodiesel fuel for diesel process). Application of bi-fuel systems today does not represent a major technological problem and they already exist in practice (gasoline / LPG, gasoline/CNG). We believe that the use of an Otto/Diesel engine is justified in road vehicles. The development of Diesel engine equipment has made it possible to reduce significantly the dimensions of its cylinders so that the Diesel engine (diesel process) can also be used in smaller passenger cars.
The main objectives of this paper are: -realization of the experimental multi-process engine and its equipment, -identification of the main characteristics of the working process of the experimental engine when it operating in otto and diesel processes, -to defining the testing methodology for the evaluation of the efficiency and ecological characteristics of the Otto/Diesel engine, and -to checking the potential of the Otto/Diesel engine for the improving the engine efficiency and ecological characteristics.
Experimental investigations
In order to research the multi-process working principle, an experimental engine and a measurement installation for determination of the effective, indicator and emission parameters were built in our laboratory. Testing methodology is based on the use of the European Stationary Cycle (ESC) test (Directive 1999 / 96 / EC). The test results of the combination of otto/diesel working processes in the same cylinder are presented in this paper.
Realisation of the Otto/Diesel engine
The experimental engine is realised based on a multi-purpose model DMB-3DA 450 module 328, tab. 2. Multi-process features are obtained with the following actions: -reconstruction of the cylinder head and the piston, -building the intake manifold with the throttle and the injector, -equipping the engine with crank shaft position encoder, sensors and actuators, -building the laboratory micro-controller system for engine control, and -building the ignition system of a multi-charge ignition type. To achieve the otto working process, the engine is equipped with both the ignition system and the fuel injection system (to intake manifold). The appearance of the combustion chamber is shown in fig. 1 . By increasing the diameter of the piston chamber, compression ratio of 12.5 is achieved. This is a compromise value, high for otto working process and almost limiting for running of the diesel working process in this engine [5] . Layout of the experimental engine is shown in fig. 2 . -selection either otto or diesel working process, -setting the injection and ignition parameters in otto process (either manually or automatically), -setting the injection parameters in diesel process (either manually or automatically), -monitoring of measured and specified outgoing parameters, and -determination of injector characteristics (a special subroutine).
The parameters of a spark advance angle and injection advance angle can be set in increments of 1°CA, whereas the injection time in otto and diesel process may be set with precision 0.01 ms. In this case, a factory fuel injection system is used in diesel process, so there was only the possibility of automated turn-off of the high-pressure pump during transition to otto process.
The ignition system is of multi spark type, operating at a frequency of 10.5 kHz. In addition to the basic function of ignition in the otto process, it has the ability to diagnose the absence of ignition. By continuous sparking during engine operation in diesel process, the effect of self-cleaning of spark plugs is achieved [6] . 
Characteristics of the used fuels
Tests were conducted with commercial and bio-fuels produced by VICTORIA OIL Sid. Bio-fuels are especially interesting considering the selected compression ratio of the experimental engine. Bio-ethanol is more resistant to detonation combustion than commercial gasoline, whereas bio-diesel (soybean methyl ester) has better self-ignition properties compared to commercial diesel fuel. In tab. 3, some of the important characteristics of the used fuels are listed. Cetane numbers (CN) of diesel fuel are determined by own engine method, previously published in [7] . 
Testing procedure
The testing was conducted with application of ESC 13-mode homologation test for heavy-duty vehicles emission, fig. 4 [3] . Definition of the working regimes is done based on factory declaration of the base engine. At idle speed, there has been an insignificant load of approximately 160 W (minimal brake friction resistance). This circumstance has been taken into account in calculation of emission and effective efficiency.
The drive with a bio-ethanol in the otto process was enabled significant increase the engine power. Regimes denoted by A, B, and C are obtained at the detonation limit. Oscilloscopic monitoring of the pressure signal were used for discovered a detonation. Whenever it was possible, the following criteria were respected at setting the working regimes in otto process: -stoichiometric mixture composition, and -ignition advance angle such that the centre of the combustion is between 8 °CA and 12 °CA after TDC. Raw exhaust emission has been measured by AVL DICOM 4000 Analyser. The gas sampling line has not been heated, so the measured HC emission in diesel process is lower than in reality. The test emission indicators are determined by using the prescribed procedure, except for the particle emission, which was calculated using the Motor Industry Research Association correlation based on the measured Bosch smoke number (BSN), eq. (1). This method is applicable because of the technological level of the base engine. . Indicated parameters were measured by AVL Indimer 619 system on the sample of 50 consecutive cycles. Their average values were used in later calculations and diagrams. Statistical parameters of the sample (standard deviation etc.) were used to determine regime's stationarity during the measurements. Indicated, η i , and effective, η e , efficiency are measured and calculated during each mode the ESC test cycle and averaged over the cycle using the same set of weighting factors and methodology as in calculations of emissions. Friction losses were estimated by calculation of a mechanical efficiency η m .
The testing schedule shown in fig. 5 was organized in such a way to realize the effects of the type of fuel, compression ratio and regulating parameters on operating in both process. Tests were conducted in separate sessions.
Discussion of the results and observations
Design simplicity and technological anachronism of the base engine has not enabled the on-line optimization of fuel injection parameters in diesel process. By piston reconstruction, besides the lowering of compression ratio, there was also a change in the shape of the combustion chamber. The central nipple has been removed and the extrusion area has been reduced. Consequently, there were the following problems in operation of the experimental engine in diesel processes: -cold start was successful only when ambient temperatures exceed 22 °C, so the cranking was performed in otto process, -at idle speed regime and at low loads (regimes 7, 9, 11, and 13), intensive white smoke and decrease in efficiency were observed, and -at maximal loads (regimes 2, 8, and 10), diesel knock were observed during operation with classic fuel. Reconstruction of the combustion chamber from the aspect of running of Otto working process has also certain disadvantages: -the spark plug is placed at the edge of the chamber, so there was a long path for propagation of flame, and -spark plugs electrodes were in the cavity with poor ventilation and it worsens the ignition conditions. These circumstances have led to extended and less efficient combustion at lower loads in otto process.
Large valve overlap (32° CA) has caused the penetration of mixture into the exhaust system in otto process. In addition, in conditions of enriched mixture combustion, a small quantity of oxygen was detected in the exhaust emission. Therefore, it was not possible to apply the mixture composition control in closed loop. Another consequence was the increased HC emission in otto process, especially at idle speed regime.
An interesting observation was made by analysing the experimental engine pumping losses. Table 4 shows the correlation between engine pumping losses and engine loads for both operating process. Diesel process has a significant advantage relative to otto process up to 50% of the load, but already at over 50% of the load, diesel process loses an advantage in this regard. Regarding to the speed of the engine, the lower values of pumping losses were registered at 1962 rpm, and higher values at 2687 rpm.
There was a high sensitivity of the experimental engine to the regulation of injection advance angle.
Test results are grouped according to the type of the fuel used. Table 5 presents the achieved results of average emission and efficiency of the base and experimental engine during working with commercial fuels: Diesel ЕCО-3 or gasoline BMB-95. Max. performance -6 / 9 The reduced value of the compression ratio in the experimental engine has led, among other things, to deterioration of efficiency. In otto process, the indicated average efficiency was reduced significantly, because the engine was running at the edge of detonation with rich mixture and with retarded ignition at high loads. At the same time, mechanical losses, caused by low pressure in the cylinder were reduced, so that the effective average efficiency was at the diesel process level.
In diesel process, emissions of gaseous pollutants were increased, whereas the PM emissions have been significantly reduced. Substantial mixture enrichment (λ ≈ 0.92) in otto process has led to significant increase of gaseous pollutants at high loads, tab. 5.
After the analysis of efficiency, emission and parameters of the working processes at each mode of the ESC test cycle, combinations of otto and diesel process were made based on two criteria. Figure 6 shows the combination of working process of the experimental engine according to maximum efficiency criterion. Figure 7 shows the combination of operating process of the experimental engine according to minimum PM emissions criterion. Table 6 presents the results of these optimizations. It is obvious that the optimization according to efficiency criterion had not given any significant results, whereas the optimization according to PM emission has led to its drastic reduction. In tab. 7, the obtained results of emission and efficiency of the base and experimental engines are presented for engine operation with bio-fuels. Reduced value of the compression ratio at experimental engine has led, among other things, to somewhat smaller deterioration of efficiency than with using the commercial fuel. In diesel process of experimental engine operating with bio-fuels, CO and HC emissions have increased, whereas the NO x emission is reduced by about 20% and PM emission by more than 90%. Jagadish, D., et al., [10] have noticed that NO values are lowered with ethanol and smoke opacity is significantly reduced with ethanol-ester-diesel blends.
The richer mixture in otto process have led to significant increase of CO and HC emissions, whereas NO x emission was reduced at high loads, tab. 7.
After the analysis of efficiency, emission and working process parameters at each mode of the ESC test cycle, combinations of otto and diesel process were made according to two criteria whereas working with bio-fuels. Figure 8 shows the combination of operating process of the experimental engine according to maximum efficiency criterion. Figure 9 shows the combination of operating process of the experimental engine according to minimum PM emissions criterion. Table 8 shows the results of these optimizations. Optimization according to efficiency has given similar results as in working with commercial fuels, whereas optimization according to PM emission has led to its drastic reduction. 
Conclusions
Modern trends in engine development go in the direction of synthesis of good features of different working processes in the IC engine cylinder.
Experimental engine was made according to old technology and it was compromisingly reconstructed in order to obtain multi-processing features. The main drawback is the inability electronically control the parameters of the injection in diesel process.
To enable compare engine efficiency and ecology parameters by overall engine working area the testing methodology was designed. In this methodology, engine efficiency and emissions are measured during each mode of the ESC test cycle and averaged over the cycle using a set of weighting factors. As well as to enable a comparative analysis of the engine efficiency and ecological parameters in each individual modes of the ESC test.
Application of bio-fuels at experimental Otto / Diesel engine provides greater possibilities to optimize and increasing the engine power. Decreasing of the exhaust emissions, especially PM emissions and increasing of the engine efficiency, compared to using classical fuels, were achieved.
Unsatisfactory results obtained in optimization of economy of experimental Otto / Diesel engine were the consequence of uneconomical operation at low loads in diesel process. The reason for this is the incomplete combustion brought about by poor mixture preparation.
Application of measures to increase the temperature of the charge in the moment of fuel injection as with EGR and pre-injections may considerably improve the efficiency and ecological parameters of the Otto / Diesel engine dealt with in the present study. 
Nomenclature

